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Purpose: The retroperitoneal approach used in aortic replacement for infrarenal aortic 
aneurysm has become an important part of the vascular surgeon's armamentarium. Use 
of the exclusion and bypass technique, however, emains controversial. Although benefits 
may include reduced blood loss, less operative dissection, and a smoother intraoperative 
and postoperative course, critics of this technique have alluded to potential drawbacks. In 
this study the results of the exclusion technique and open endoaneurysmorrhaphy for 
surgical treatment of abdominal aortic aneurysm were compared. 
Methods: One hundred patients were randomized to either exclusion (EXC) or open 
endoaneurysmorrhaphy (OP) procedures. A posterolateral left retroperitoneal approach 
was used in all patients. During surgery, autotransfusion devices were used when needed. 
Doppler flow and pressures in the excluded aneurysm sac were determined during surgery 
in EXC to evaluate the completeness of the exclusion. 
Results: Patient demographics were similar between the two groups. The mean age was 70 
years (range, 53 to 89 years). The operative mortality rates were 0% and 1.9% (1 of 51) in 
the EXC and OP groups, respectively. Nonfatal postoperative complications occurred in 
10.2% (5 of 49) of the EXC group and in 23.5% (12 of 51) of the OP group (p < 0.05). 
Aneurysm sacs were opened in two EXC procedures. Blood loss (mean _ SD) was 703 - 
570 ml in the EXC group and 1031 + 703 ml in the OP group (p -- 0.01). The intensive 
care unit stay (mean - SD) was 1.9 - 1.2 days in the EXC group and 3.2 + 6.9 days in 
the OP group (p = NS). The hospital stay (mean - SD) was 9.8 + 5.8 days and 12.1 + 17 
days in the EXC and OP groups, respectively (p= NS). There has been persistent flow in 
the excluded sac in two patients, with sac enlargement in one of these patients on 
postoperative follow-up by duplex scan or clinical examination. 
Conclusion: The exclusion and bypass technique for repair of infrarenal aortic aneurysm 
appeared to be an acceptable t chnique and was associated with less operative blood loss 
and fewer postoperative complications than those of open aortic endoaneurysmorrhaphy. 
Exclusion bypass may contribute to a smoother perioperative course and postoperative 
treatment of these patients. (J Vasc Surg 1997;25:442-5.) 
Improvement in the management of abdominal 
aortic aneurysm (AAA) has involved many facets of 
preoperative, intraoperative, and postoperative care. 1-s 
The resultant decease in morbidity and mortality rates 
encourages the surgeon to strive for even further im- 
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provements in technique. The use of aneurysm bypass 
and exclusion as reported previously is one method 
advanced as a means of simplifying the operative proce- 
dure. 6 Others, however, have voiced concerns about its 
use such as the excluded sac remaining a persistent 
focus for infection, difficulty performing the proximal 
aortic anastomosis, and the necessity for increased op- 
erative dissection. 6 Herein is presented a randomized 
prospective study comparing standard open endoan- 
eurysmorrhaphy with exclusion and bypass. 
MATERIAL  AND METHODS 
One hundred patients who underwent surgical 
treatment of infrarenal AAA and elective repair were 
JOURNAL OF VASCULAR SURGERY 
Volume 25, Number 3 Paty et al. 443 
Table I. Patient demographics 
Exclusion Endoaneurysmorrhaphy 
Men 37 40 (p = NS) 
Women 12 11 (p = NS) 
Diabetics 6 7 (p = NS) 
Smokers 16 14 (p = NS) 
Cardiac dysfunction 14 17 (p = NS) 
Pulmonary dysfunction 10 8 (p = NS) 
Renal dysfunction 16 13 (p = NS) 
Mean age (yr) 71 (range, 56-87) 70 (range, 53-89) (p = NS) 
Total no. patients 49 51 
randomized prospectively to either the exclusion 
technique (EXC) or open endoaneurysmorrhaphy 
(OP). Overt cardiac disease was identified by preop- 
erative histories of angina, congestive heart failure, 
cardiac arrhythmia, valvula dysfunction, physical ex- 
amination, electrocardiographic criteria, or the re- 
sults of  noninvasive or invasive testing. Significant 
pulmonary disease was identified when there was a 
room arterial oxygen level of  less than 50 mm Hg on 
blood gas determination or forced expiratory volume 
at 1 second (Fevl) or the ratio of Fev 1 to forced 
expiratory volume of less than 50% of the predicted 
value. 7Renal dysfunction was identified if the serum 
creatinine was greater than 1.5 mg/dl .  Patients with 
pararenal or suprarenal aneurysm extension, symp- 
tomatic stenosis of the celiac or superior mesenteric 
arteries, a history of bleeding disorder, or a require- 
ment of chronic anticoagulation were excluded from 
this study. Aneurysm size was documented before 
surgery by either computed tomographic scan of the 
abdomen or ultrasonography. All patients under- 
went preoperative contrast aortography. 
During surgery patients were monitored with 
pulmonary and radial arterial catheters. A left pos- 
terolateral retroperitoneal pproach was used in all 
cases, s The technique of exclusion with aneurysm 
bypass has been previously described. After hepa- 
rinization was performed, the iliac arteries were con- 
trolled with clamps. The infrarenal neck of the aortic 
aneurysm was exposed and clamped. A second clamp 
was placed below this. The aorta was divided be- 
tween the two clamps and oversewn with a monofil- 
ament suture. The proximal anastomosis was per- 
formed with a continuous mon0filament suture. I f  a 
tube graft was used, the distal aorta below the aneu- 
rysm was oversewn proximally with a continuous 
monofilament suture, and the distal aortic anastomo- 
sis was performed in and end-to-end fashion. I f  a 
bifurcated graft was used, the iliac arteries distal to 
the aneurysm were either divided and oversewn or 
ligated in continuity. A contralateral flank or groin 
incision was made for exposure of the iliac or femoral 
artery. An end-to-end or end-to-side anastomosis 
was then performed to the iliac/femoral outflow 
artery. Flow was then restored to the lower extremi- 
ties, and the incisions were closed in layers. 
In the EXC group Doppler flow and arterial pres- 
sure within the excluded aneurysm were determined 
at the completion of the aortic bypass. The presence 
of a biphasic Doppler signal or a pulsatile arterial 
wave form prompted ligation of any feeding inferior 
mesenteric or lumbar arteries to the aneurysm sac. 
The technique of open endoaneurysmorrhaphy er-
formed with the retroperitoneal exposure was similar 
to the transperitoneal technique as described by 
Creech. 9 Intraoperative transfusion devices were 
used as needed in the OP group. 
After surgery patients were monitored in the sur- 
gical intensive care unit until they no longer required 
ventilatory support and were hemodynamically sta- 
ble. Specifically, these patients had mean arterial 
pressures greater than 65 mm Hg and no malignant 
dysrythmias. Once they were ambulatory, could tol- 
erate a normal diet, and were clinically stable, these 
patients were discharged to home. After hospital 
discharge patients were monitored by clinical exami- 
nation at 1 month after surgery, 3 months, 6 
months, and every 6 months thereafter. Patients in 
the EXC group were also monitored by duplex scan 
during the same intervals to monitor the excluded 
AAA sac for expansion and persistence of  flow. Com- 
parisons between the groups was performed with X 2 
analysis and Mann-Whitney tests. The significance 
was accepted at the 95% confidence level. 
RESULTS 
Between July 1994 and June 1995, 100 patients 
were prospectively randomized to aortic replacement 
with the exclusion/bypass technique or open endo- 
aneurysmorrhaphy. Patient demographics, hown in 
Table I, were similar between the two groups (p = 
NS). The mean aneurysm size was 5.7 cm in the EXC 
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Table II. Patient morbidity 
Exclusion Endoaneurysmorrhaphy 
Wound infection 0 1 
Bleeding 1 1 
Nonfatal cardiac 0 3 
Renal dysfunction 2 1 
Multiple organ 0, 3 
system failure 
Femoral embolus 1 0 
Neuralgia 1 3 
Total complications 5 (10.2%)* 12 (23.5%)* 
*p - 0.05. 
group and 6 cm in the OP group, respectively. The 
operative mortality rate was 0% and 1:9% (1 of 51) in 
the EXC and OP groups, respectively. Nonfatal post- 
operative complications (Table II) occurred in 10.2% 
(5 of 49) of the EXC group and in 23.5% (12 of 51) 
of the OP group (p < 0.05). Adjunctive procedures 
performed along with aortic replacement are shown 
in Table III. The indication for renal artery revascu- 
larization was the presence of a >70% stenosis on 
preoperative angiography. Although .some of these 
patients had concomitant hypertension, the relation- 
ship to the renal artery stenosis was not confirmed 
with additional preoperative t sting. During surgery 
blood loss (mean + SD) was 703 + 570 ml in the 
EXC group and 1031 + 703 ml in the OP group 
(p --- 0.01). Nine patients in the EXC group required 
ligation of feeding arterial vessels (nine lumbar and 
two inferior mesenteric arteries) to abolish pulsatile 
flow within the excluded aneurysm sac. A review of 
all preoperative angiograms performed within this 
study revealed that patency of  lumbar or inferior 
mesenteric arteries did not correlate with persistent 
flow within the excluded AAA sac. Aneurysm sacs 
were opened in two patients, one because of a venous 
anomaly near the neck of  the aneurysm and the other 
because of friability of the aortic aneurysm. Blood 
transfusions were required in 41% (20 of 49) and 
55% (28 of 51) of  the EXC and OP groups, respec- 
tively. 
After surgery the SICU stay (mean + SD) was 
1.9 _+ 1.2 days in the EXC group and 3.2 + 6.8 days 
in the OP group. The length of hospital stay was 
9.8 + 5.8 days and 12.1 --- 17 days in the EXC and 
OP groups, respectively. Although there was a trend 
toward less intensive care unit and hospital stay in the 
EXC group, no statistically significant difference was 
present. Patients in the EXC group requiting ligation 
of feeding vessels to the excluded sac had no further 
increase in intensive care unit or hospital stay com- 
pared with other patients (p = NS). Preoperative and 
Table II I . Adjunctive procedures 
Exclusion Endoaneurysmorrhaphy 
Renal bypass 
Left 8 11 
Right 1 1 
Bilateral 1 3 
Direct renal artery repair 
Left 1 1 
Right 1 0 
Bilateral renal 0 1 
endarterectomy 
Femoral embolectomy 1 l 
Bilateral sympathectomy 1 0 
Inguinal herniorrhaphy 0 1 
postoperative renal function as assessed by serum 
creatinine l vel was 143 ~mol /L  and 151 ~mol /L  in 
the EXC group and 138 &mol/L and 152 ~mol /L  
in the OP group, respectively (p = NS). 
The mean follow-up was 9.6 months (range, 1 to 
22 months). There has been no bypass occlusion, 
false aneurysm , or graft infection in either group. 
One paticnt in the OP group died of cardiac auses 3 
months after surgery. Postoperative surveillance was 
possible in 84% (41 of 49) of patients in the EXC 
group. Two patients in the EXC group have had 
persistent flow in thc excluded sac at 16 and 21 
months after surgery. One of these patients ubse- 
quently underwent embolization for expansion of 
the excluded sac. This case involved a technical fail- 
ure in the performance of the cxclusion of the aneu- 
rysm as one of the outflow iliac arteries had been 
incomplctely igated. Thus there was persistent retro- 
grade flow into the ancurysm sac. The interventional 
radiologist was able to pass a catheter through the 
incompletely ligatcd vessel and embolize the aneu- 
rysm sac. The remaining patient has had no increase 
in the size of the sac on continued follow-up. 
DISCUSSION 
The technique ofaneurysm exclusion with bypass 
has becn uscd in the repair of popliteal ancurysms 
with good result. 1° The same principles of manage- 
ment may be applied to AAAs, thereby eliminating 
the risk of rupture and reestablishing arterial conti- 
nuity possibly with less physiologic derangcmcnt to
the patient. In addition, EXC may be a technically 
easier and expeditious procedure. This study com- 
pares the former assertions within the context of a 
randomized prospective study. All procedures were 
performed by a retroperitoneal (not transperitoneal) 
approach in an cffort to isolate the benefits of this 
technique of aortic replacement compared with open 
aneurysmorrhaphy. A significant reduction in opera- 
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rive blood loss and a trend towards less surgical 
intensive care unit and total hospital stay along with a 
significantly reduced rate of nonfatal complications 
in the EXC group are all expressions of the reduced 
trauma incurred by the use of this technique. 
For any new surgical technique to become an 
accepted standard of treatment, long-term durability 
must be specifically determined with careful follow- 
up. We found that most excluded sacs underwent 
thrombosis within the early postoperative period, 
usually within 3 to 6 months after the operative 
procedure. This is usually demonstrable by the ab- 
sence of flow and either stability or a reduction in the 
size of  the excluded sac as noted on postoperative 
duplex scan. In this study there was a 4% (2 of 49) 
incidence of persistent flow in the excluded AAA sac. 
In one of the patients this proved to be clinically 
significant, because the excluded sac enlarged over 
time. Patients must therefore be monitored periodi- 
cally to evaluate the natural history of the excluded 
sac, because no preoperative angiographic riteria 
such as patent inferior mesenteric or lumbar collat- 
eral arteries were found to predict persistence of flow 
within the sac either immediately or in late follow- 
up. 
Any aneurysm that is ligated to prevent an in- 
crease in its size must be periodically studied to 
evaluate the completeness of  its exclusion, because 
residual feeding vessels may predispose to expansion 
and potential rupture. Previously we found that pa- 
tients who had actual rupture of the aortic aneurysm 
sac had been receiving anticoagulation therapy or 
had derangements in their coagulation system that 
may have predisposed them to this result. 6 In this 
study any patients who had a hematologic disorder 
or were undergoing anticoagulation were not in- 
cluded. 
The fate of the excluded aneurysm sac also has 
importancc with respect o the current mcthod of 
endoluminal graft replacement for infrarenal aortic 
aneurysm. The native aneurysm in this situation is 
essentially an excluded sac after the endoluminal 
graft is in place. Estimates of the persistcnce of the 
flow within the aneurysm sac with the. endovascular 
technique are as high as 43% when these patients 
have been monitored by such postoperative studies 
as helical computed tomography scans, n Reasons 
suggested for pcrsistence of flow have included the 
presence of patent fecding vessels to the aneurysm 
sac and patent perigraft channels indicating inade- 
quate fixation of the device. 
The method of exclusion with bypass for the 
treatment of infrarenal aortic aneurysm as shown in 
this study was a safe and effective technique for aortic 
replacement. The use of this method may contribute 
to a smoother perioperative course and thus reduce 
physiologic derangement in this patient population. 
Surgeons using this technique must perform surveil- 
lance of these patients on a regular basis, because the 
natural history of the excluded sac is yet to be corn- 
pletely'determined. 
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